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‘ NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS

TECENICAL MEMORANDUM NO, 630

THE STEADY SPIN*

By Richard TFuchs and Wilhelm Schmidt

+«. Notation

Space axes:

N = space vertical,
tE = space horizontal, here tangent to a circular
cylinder with axis m,
{ = space horizontal, perpendicular to m and £,
Air axes: .
. x = path axis,
e z = gpace horizontal, perpendicular to x,
y = axis perpendicular to x and =z,
, Body axes:
& o
3 x = longitudinal axis,
{/ y = mnormal axis,
P 2
® z = lateral axis,
g = acceleration of gravity (m/s?),
Y = air demsity (kg/m®),
_Y_. = ....1... i i %
2z 56 in this report,
q = gé v? dynamic pressure (ke/m®),
h
f!l *1Stationarer Trudelflug." From Luftfahriforschung, Vol.
o ITl, No., 1, February 27, 1929, published by R, Oldenbourg,
v Munich and Berlin, pp. 1-18.
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The following data apply to Junkers A 35 low-wing
monoplane! :

& = 1800 kg, gross'weight,

P o= 29,756 m?, wing area,

b = 15}94 m;'span,

t = % = 1,87 m, mean chord,

ty = wing chord (m),

t; = 2,20 m, chord at fuselage,

t2 = 1,60 m, chord =t wing tip,

z (m) = distance of wing component' ty dz from

the center of gravity of the airplane §,

0e¢42 m, center of gravity from wing chord

BT in plane of symmetry,

r = 0,80 m, center of gravity from leading edgs,
Jr = 300 mkgs® inertis moment about longitudinal
- axis,

Jy = 550 mkegs® inertia moment about normal axls,
J; = 290 mkgs® inertia moment about lateral axis,

@ (deg,) = gliding angle,

w = rate of rotation sbout space vertical m (1/s),
Wy = W sin 9, _ *\
Wy = & cos @,
we = w(cos $ cog W sin o + sin @ cos a)
= v (1/8)
Wy = w(cos ¢ cos K cos a - sin @ sin Q) ,?
Wy = =~ Wcos @ sin |
w{1= ~w cos Q cos M )

-~ _"‘l-
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All rotations are positive when clockwise as seen in
positive direction of rotational axes,

v (m/s) = path velocity,

Av = Qy 2 (m/s) chenge in path velocity v due
= to rotation Qy ,
a4t
p = I-295% () radius of helixz,
a(deg.) = angle of attack )
. a8 defined in Figure 1
w(deg.) = angle of bank
T(deg.) = angle of yaw, formed by axes X and z
after rotating about normal axis v,
Q2 ; .
Aa = 57,3 arc tan —5— (deg.) change in o due

to rotation Q.

L (kg), cg = A% 1ift; in direction of 1lift axis y, ,
qF =
: W
W (kg), oy = —% drag; in opposite direction to
a* path axis =¥,
FZIRN _ e . : . L .
Q (kg), ey = 37 cross wind force; perpendicular to
4 1ift and drag,
Toery = X ; - .
¥ (kg), Cp = —3 = Cg COS O + ey 8in o normal force;
q= in direction of normal axis y,
T . e
T (kg), ey = == = cy COS O = Cp sin a tangential
Q. force; cppositc in dircction
to lomgitudirnal axis X,
MI"O
Mg, (mkg), Coy = Tw aerodynamic moment about lead-
4 ing edge,
My, A\

My, (mkg), cp = IFE ’
b aerodynamic moment
Ly, > about lateral axis z,
= ( "

4
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Mﬁ (mkeg),

M-'r{ (mkg) 2

. (mkeg),

]
.

Ky (mkg),

I"IC (mkg) s

(nkg), E

Ky (r.zkg), K

hi:_llﬂ

[

Ix

All moments,
ing positive rotations, are nositivo:

A

|

<
»

»] fep]
;::jlgq g
o'

opposite

slevetor momont,

acrodynamic moment about lon-
gitudinal axis x,

5

acrodynamic momont of
wing ahout longitudinal
axis x,

ailoron moment about longi-
tudinal axls X,

gyroscopic moment about longi-
tudinal oxis X,

serodynanic momen®t ahout nor-
‘mal axis -y,

agrodyaanic moment of wing
about normal axis ¥,

ruddor noment obout normal
axis 7,

zyroscoplec moment about nor-
rnel axis ¥

in dircction to tao correspond-

\.O 4

By (Geg.) clevator sctting, « O &isplacement upward,

dowunward.,

Bz (deg.) rudder displacoment,

ﬁH(ieg.) aileron
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All control movements producing positive moments are -
positive.

'This'reporf-attempts a comprehensive survey of the
subject of spinning, and constitutes an extension and
supplement  to Fuchs and Hopf's "Aerodynamik," chapter IV.

‘Several British reports (references 4 and 5) carry
the notatlon that the angle of yaw is relmtlvely small in
gpinning and rarely exceeds 20° The English have estab-
lighed the effect of side slip for the most necessary
data in the wind tunnel at angles of side slip T <« ~ 20°,

It is readily seen from Figures 5 and 6 (reference &)
that the change in 1ift and drag with side slip amounts,
at the most, to 10% of the correspondlng values with no
side slip so long as the yaw does not exceod 20°

In Figure 7 (rcference’ 6) cross~wind forco
poerpendicular to lift and drag at 7T = 20° with sige slip
has attained about 10% of 1ift with no side slip,

The change of aerodynamic moment about the lateral
axis, due to side slip becomes significant, according %o
Tigure 8 (reference 7), even though T < 20°,

Figures 9 arzd 10 (rnierences 4 and 8) disclose that,
as a result of a rotation around the path axis, the rolle
ing and yawing moments are materially changed, as in
curves a, with no side slip or aileron displacement, in
curves a, wWith gileron displacement, and especially in
curves b with side slip.

It is seen, for example, with reqpect to the moments
about the longitudinal axis for o = 25° that the effect
of a side slip at T = 9,5° is equivalent to an aileron
deflection BQ =

Thus, the ersuing investigation proceeds from the
following evidence:

So long as T < 20°, the changes in 1ift and drag
do not exceed 10% with no side slip; the cross-wind force
amounts, at the nlghest to lOd of tne 1ift. EHence the
computed v, u and W values for = 09, as based upon
Cgs Cy and cQ, will uwndergo no substantlal change for
any angle of yaw below 20°,
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But the moments about the body axecs underga .merked
changes with sido slip. On thoe other hand, the serody-
namic moment about tho longitudinal axis can be produced
by a suitably choson ailoron displacemeant, according %o
Figure 92, and tho samc applios to the momeants about the-
normal and the lateral axes, as the corresponding eleva-
tor, rudder, or aileron displacements sre -introduced,

When we bDear in mind the fact that side Sllb and the
corresponding control movements are identical in effect,
the balance of the moments about the body axes with side
slip is all dut revertible to an oqlilibVium by corre-
snonding control movements but witin no sido_slip,.

Thusg it becomes readily apparent that a study a
T = 0% is no% naterially altered when it includes the
changes in asrodynamic forces and moments resultlnr from
side slip at ,T <.80°,

For this reason we repeated our investi
tiie case'of T = Oo, but coaflnei gurselve
part to th T3 steady spin.

ml—'
1~

Galculatidns.on unsteady spinning are made oanly oc-
casionally, where it mertains to a numorical integration
of the differential cguations sct mp for the cquilibrium
of a;l_:orces end moments scting on the.airplans, and
thon only to scveral saort eguations-in order to clorify
the problem of getting out of o s»izn, - '

The stealy spin without side slip postulates:

Eqnilibrium of forces in direction. of the air axes -
Path axis x: 0O = G sin ¢.~tcﬁ‘q Y ' (1)
Lift axis y.: 0=§ v o, einu-G cos® cosutcs q F (2)

zis L x and y,: 0 = % v wy cosp + @ cos¢ sing (3}

Equilibrium of moments about the body axes:

Longitudinal axis z: - (Jy = J,) wy ¥; = - L (4)
Tormgl axis ¥ - (Jy = Jg) W, Wy = = L (5)
Lateral axis z: - (Jg = Jg) g Wy = - i (8)
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The above sixz equations embody the five variables:

Cty My 7, @ and ®, and reveal in conjunction with T = 0,
the position of the airplane completely.

The resolution of equations (1) to (3) yields in de-
pendence of ¢ and ¢, the other tharee variables W, v,
and w, for waich all forces acting on the airplane are in
balance. '

kyolying these valucs to each one of -equations (4),
(6), and (6) results in «a and ¢ values, at which, by
equilibrium of all forces acting on the airplanc, the mo-
ments about the respective axis are also in equilibrium,

If these values of ¢ and o are plotted as curves of
¢ = f (a), three such curves are obtained corresponding
to the three equations (4) to (6). TFrom each of these
three curves those values of ¢« and ¢ are found at 'possi-
ble intersection points for which the simultaneous equi-
librium of all the forces and all the moments is satisfied,
and for which, therefore, the steady spin is possible,

Our invostigations centered around a Junkers A 35°
low-wing monoplane with the latest test data on c¢g, cy,
and e¢p, and for angles of attack up to a = 90°, Un-
fortunately they were limitcd to a stationary model with-
‘out aileron or rudder displacomont and for coertain cle-
vator settings within a =0 to o = 20°.

The change in 1ift and drag within this range is
slight with elevator displacement, as Figure 14 shows,
In addition, other pertinent data disclosed the aileron
and rudder movements to be practically without effect on
the acrodynamic forces, and notably on the aerodynamic
momont about the lateral axis, so that it is justifiable
to assume cg and cy, ospecially at higher «, as con=-
stant for any control movoment, and cq @as evenescently.
small at zero yaw.

According to the British reports the principal
changes in forces and moments about the lateral axis,
effectod by rotation ® occur in the 1ift and in the drag,
as showix in Figures 11 and 12 (referonce 4), BEvecn for
values of 295 = 0,2 to 0,3, oncountered perhaps in a
steep spin atvrclativoly small «, tho change in cg
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and ¢ -amounts to about 10% of tho valucs mecasurcd on
tho gquiotly suspendod model, So 1lift and drag may be
considered approximotoly constant for the rotations in
question, : '

Pigure 13 (rofercnce 7) roeveoals the rolatiwely
8light change in noment cbout the latorcl oaxis when row.
tated about the path azis at large angles of attack; at
small o tao change is more pronounced und is equiva-
lent to a snzll clovator displacenent, Xevortheloss, we
consider e as boing about constand for any valuc of

by o
—=X, ‘so that tho aorodvﬂwﬂlc forcos as woll as the coro-

g;aqmlc moments about tho lateral axis nay be assumed
approximately constant, for 2ll rotations ® wunder con-
sidcration,.

As regards the maganitude of the control mdmonts, we
were compelled to introduce them for large values of «
without data on the corresponding control displscements,
and to refer for small o in part to measured elevator
setting, and in part to estimated aileron or rudder dig-
placementy. ' '

The wing moments Kp and Ly about the longitudi-
nal and tho normal axis were not measured, but were accu-
.rately estimated by integration and by means of curves
cn and ¢ with respoct to ¢« The inertia moments
were defined by calculation as usual,

Bguilibrium of Forces and Homents

in Steady Spin with no Side Siip

: Zguations (1) to. (3) yield the values W, v and ©
dependent on o and ¢ for steady spin as

0 = AR
b= = 57,3 arc tan \ ray (7)
/ G2 g sin
_ _ g sin Qo
V= M/ FYT cy (8)

2 "
'g I
- =3 o (9)
v
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The ca'and ¢y values applying to the airplane
were taken from Figure 14, while Figure 15 shows'

v = - 1075 Sin
Cw

plotted against o and 9. The path velocity rises with
increasing angle of climb and drops as the drag increases.

Figure 16 manifests -
. R
w = ﬁ.ooooss =& _—_ . 38

relative to a and ©, The rate of rotation increases
enormously by rising angle of climb and disappears for
level flight, TFor the latter the modified equations (la)
to (3a) are valid:

0=~ G sin ¢ -~ cy a F | (1a)

O==Gcos @ cos b+ cyalF (2a)

0= G cos @ sin W . (3a)
as a consequence of which K =0 and tan ¢ = -_%g .

Figure 17 exhibits tan @ = = %FI, as well as the
a

corresponding values of ¢ referable to «, so that o

may be read from Figure 17 for certain values of ¢ whore
w = 0,

The introduction of constant wvalues W other than
zero into eguations (1) to (3) yields ¢ (w = constant)
(fig. 17) with respect to «, which were taken from
curves ® plotted against o and @ in Figure 16,

Figure 18 shows W = = arc tan (IQ) with respect to

& and ¢, Even in a flat glide the aﬂgle of banlk becomes
very proaounced at the usual angles of attack, while an
airplane already inclines quite steeply in ordinary curve
flight, When w= 0, u disappears.,

T6¢ compute the gyroscopic moments the rate of rota-
tions Wwgx, Wy and Wy are necessary.

Conformably to Figure 16, w does not become appre-
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ciable at $ma11 gliding. angles; dut wien these angles be-
come large, |  becomes large also, according to Figure
18, in whkich case ' '

Wy ~ = @ COS O

04

C g

U.)y S~ W, sl
wg, & 0,
which, geometrically speaking, neoens:

Vo can indicate a straight line placed in the syn-
metrical plane of the alrcraft, which passes through its
center of gravity, forms angle o with the longituwdinal
axis and is parallel to that of the space vertical adout
which rotation ® is set uwp. The distanco of tho space
verticel from thisg straight line is

p = ¥ co08 @
@

For tao casc of § —p = 900, we Tind W o, ac-
cording to {9) while v (occording to (8) ) roveals o
tondency toward o fixed wvalue, so that distance P bo-
comes, veory ninute and rotation ® is almost arcund tio
above straighkt line, Then the grestor o Dbecomes the

more this straight line is coincident with tlie normal
azxis,.

In Figure 192 tho rate of rotation for Wx, wy und
®, is given for o = - 85%, -80° and -78°. It will be
noted that rate of rotation w, about the lateral axis
is alvs sy s very low, that rotation Wy about the longitu-
dinal axis predoninates at small «, and rotation wy
about the normal axis when o is high.

Trhe squilibrium of the moments

a) about the lateral axis is based upon:

(I5 = Ty) g 0y = Hy
negative gyroscopic moment (=~ lyr) = aerodyramic moment
g 5C oY X

iy
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M
With the nondimensional Uy '= o LS inserted, we ob-
S .og2 .
s g ’
tain ( . ')
Je = Jy 2 _
MK'= - _g_é__i- @5 (cos @ cos W sin a + sim @ cos o
= v '
Z (cos @ cos W cos & - sin @ sin a),

which may be seen on Figure 20 in relation to o and 9.
The gyroscopic moments do not appear until the gliding
angles age very high, and become very pronounced when
Cp>""85.

The aerodynamic moment, defined as MLO = Ccp aF T
on the leading edge of the stationary model in the wind
tunnel and reproduced in Figure 14 with respect to «
was replotted for moment iy, about the lateral axis and
expressced in the samoc nondimensional form as Mg, that
is, we substituted '

1 .
¥, = Gﬂé— = 04,017 ¢y for cp
& .2
z v

-

= 4y
T qFt

al

Figure 20 shows EL' plotted against o for various
additional elevator momonts '
E_ = _EE._

'& .G‘.. ve

&

constant at any o, *to which &t small o a given eleva-
tor setting PBg corresponds., It is noted that curve

(= MK), referred to a and 9, and curve EL referred
to o intersect in several points for which (Mg) = ir;
that is, where the moments about the lateral axis are in
balance. '

B) The equilibrium of the moments about the longi-
tudinal axis is expressed by '

negative gyroscopic moment (- KK) = gerodynanic moment'

The rotation wgx about the path axis induces wing
moments about the longitudinal azxls exceeding by far any
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eventual ailsron monent Kn. A damping momoxnt of the
vaortical tail group as ocetirs because of rotation Wy
about the longitudinal axis, may be disregardoed. -

The integration cstimates the acrodynamic moments of
Lac 28 .

2

_ F o+ AT .

Kp= J en (@b van) L (LEED b e
2, F- I

cular, ¢ {a *+ Ao, v * Av) thore signifies
that c¢y affected by a and by its ni;ocﬁod changoe
a4

8
through Aa = 57.3 arc fan ——S-r-— tocauroe of rotation
v T 4v

Wy, further by spocd v and its chonge through
Av = wy, z Decausc of rotation wy,.

The iantegral was graphically ie»e;m_ped against o
and ¢ so as to include any value of E x,

v

AV}

To give the reader a pilcture of the method employed,
we inglude Figure 21 as typifying fhe d*stvlbutloﬂ of the

normal Torce over the wing; ey tozlé ¢ tx 1is plotted
against wing span gz, vaere the integral evaluates pro-
cisely Zp = 0. How it becomes ecvident taat for
® = - 802 and o = - 27%, tho wing momont about the lon-
gitudinal axis is zero notwithstanling the prevalent rota-
tion Wy
pet
Figure 22 affords K = £ against o andi ©, and
qg¥b

the possibility of positive and negative wing momente.
They disappear when w = 0 {the relevan’ points may bde
czlled outer zero voints), the o values pertinent for Q@
may be talken from ihe curve of Figurse 17, TFor slow rates
of rotations wy, where Aa too is small, the intoegral
obviously becomes evanescent at values of o Ior waich
curve ¢y, referred to ¢ in Figure 29, exiiibits an o~
treme valuwe, ngmely, point ¢ or o = 14° &nd noint E
for a = 32°., Horcover, it is mositive or negative ac-

cording to whether gcz is. > or < O,
' 84

)

In keeving with this, smsll @ values, for.waich,
consigtently with Figurs 16, the rate of rotation
as well as Agq are small, have, apart from the two outer-
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also one or two inner points .G and H; in addition, for

: &
140 and a > 32°, where Egg >0, only negative

- wing moments, and for « >14° and a < 32°, where

de .o .
2 >0, only positive wing moments occur. A4s ¢ and

B My .
:theveby Ao Dbecone larger, the positive moments Dbecome

more and more evanescent, the zero points & and H con-
tinue to come closer together and to assume still greater
values of a, wuantil oculy negative moments eppear.

With the gyroscoplc moment Ky expressed nondimen-
gionally .

Ex = EEK_, SRRSO ,
g ¥ ,
we have:
(Ty=Jz) w2’ . .
Ky = o = o (cos? cosp coso —-sing sina) cos® sinp.

g

In conformity with Pigure 19, the gyroscopic -moment
is dependent on the always smsll 1'-ota,t:.on wz, hence is
itgelf very small, as indicated on Figure 24, and may be
neglected with respect t6 Kp.

As a result, our assumption is sufficiently precise
when it presumes the moments about the longitudinal axis
to be almost in balance for those values of ¢ and ¢ for

which the moments of the wings disappear, or in other
words, for the zero positions of curve Xy with respect
to o and ©, at least so long as no aileron displacement
occurs,

The insertion of an aileron moment, constant for any

s
X
= —8 o &
rather corresponds at o = 0° to a Bg =1 49 aileron

deflcction, but at Liigher o to a much greater deflec-
tion, so the abscisss of the curves nust be shifted par-
&llel to itself, upward and downward, respectively.
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Y) ‘The moment egquilibrium about the normal axis is
expressed by eguation o

(JE - Jg) @y wx = Iy,

negative g}roscoplc moment (— LK) = aerédvnamic moment Iy .

The rotation wx about the path axis 1ndncus wing
monments, which, aside from a ruuder moment and from the
far from negligible demning moment of the fuselage and
the vertical %tail group, such as a rotation Wap about
the normal axis sets up, constitute the 3r1nc1na1 mno-
ments acting about the normal axis,

Bvaluated by lntegration, the wing moments are

+2
- N /v _t Av \ -
L?.— bf ey (@ *Aa, v +Av) 55 (55trs, txzdoz,

which, in Figure 25, are plottecd with reference to «
and ¢ in the nondimonsional form of
Ly

L:"“-——c

q¥

14

Thae outor zero positions are valid for w = 0O, thc inner
wvnen the intogral dissppears, i.ce., i rst 2t smell ©Q
and ® for points K and J of curve "cy, &as plotied

£
against o in Figu e 23, where g%i = 0, The wing mo-
ments become nositive or negative cccording to whether
dct
T < or > C.
The zero points X and J Hend toward higher ¢
and come closer together as @ increases. At very high
@ the moments about the normal axis become gquite small.

The gyroscopic moment Iyx = - (Jz - Jx) Wy Uy
may be disregarded with respeet %o Iy

As a result the moments about the normal axis are
practically in balance for those a and @ at which Ly
disappears, i.2., for tho zero points of tho "Ly curves
rofcerred to o andl @ at lcast as long as therc is no
ruider displaccoment, and tho darping moments of the fuso-
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lage and of tho vertical tail surfaccs duc to rotation
Wy about tao normal oxisg are disrogarded for the pros-

ent owing to the 1ack of expcrimental dwta.

With an added rudder momont, constant for any o,
we Lave: '

B3

T o . = S =T 0
o T8 gFD 0.0L,

L

i

which at o= 0°, is practicolly couivalont to a
Bg = * 20° 'ruddcr digplaccment, but ot higher o %o onc
decidodly highor; thus the abscissa of the curves must be

snlztoi paralicl downward and upward, respoculvoly.

-
i

| Tho damplng'noments of tho fuselage and of the vortie
cal tail group, induced by rotation @y about tho normal

exfd, play & very important part in thT momont equilibriun
about the normal azis and must not be ignorod., If the
vertical tail group, ond particularly the recar ond of the
fusclage, prosont o large area rolatively romotc from tho
normal "gxls, thoy may in fact bocome just as high as the
Jlﬂg ﬁomonts L ‘and oven surp ss them at large o.

: Hltnerto our study defined tho valucs for o and ¢
at which the forces and moncnts about the throc body axcs
were in equilibrium, as exhibited in Figure 26 for the
spedial’ cédse of Bq end 53 = 00 with 9 plotted
against’ o, alsreganlng the damping caused by the fuse-
lage and by the vertical tail unit. Curve &a comprises
those values of ¢ and 9 for which, If w = 0, all
forces actlng on the airplane are in eguilibrium and,
since the moments rust also bo in equilibrium if the spin
15 to be steady, wherc all curves of the moment equilib-
rium must start on this curve a. The b curves divulge
the equilibrium of the moments about the latersl axis
Wlth the resnoctlve elevator momenus.

As long nas roftation w romains small, i.,6.,, for reocl~
t vely small @ os shown in Vigurc 17, thore nrc practi-
ally no gyroscopic moments (see fig, 20), so that, for a
Lven elévotor monent, those sabout tbe lateral QTIS are
n- equlllbrlum for uhose values of ‘o which 1gure 20 ré-
é;ls_ .8 Zero pozﬂts on the  gL curve'“ﬂleraolo to Qe

[}

<= H'U‘Q‘. (¢}

Consequcntly, curve by uust oegln &t p01nt A on
curve ‘o’ and which furthor beiongs to onongle of attack
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12°, TFor the coordinatcs of this point, that is, for
- 7,59 and g = 12° aad for those alone, o steady
spin is possible without olov vbor displacement, Points

B ond ¢ are defined in the same manner,

R

The greater the gliding angle ¢ and thereby rate of
rotation w, _ the greater the gyroscopic moments and the
greater the fteondency of the intorsections of the [ and
the (lg) curves toward higher angles of attack (fig.
20), thus def1ect1ng the b curves more and more to the
right,

¥ relatively small ¢ and @ the ‘b curves are
quite far apart for different elevator moments, but come
guite close to one another when o and ¢ assume large
values,

The d; and the ¢, curves portain to the equilib-
riuvm of thc moments nbout the longitudinal and tho nor-
mal axis, respoctively, by zoero control displacemont,

Now we add an ailoron moment, constant for any o,
to thosc about the loangitudinal axis of Figure 22, ond
obtein now zero points on the Ey curvos with respect to
a and @, whoso coordinates arc shown in Figure 27 as
new curves 4 with paramector Eq.

It is socon that the d curves arc far apart vhile
¢ is relatively small, and continuc to opproach omnc an-
other ot high o as ©® Dbecones larger.

‘A similar study roveals the ¢ curves in Figurc 28
by ruddcer moment Lg«. At large anglos of attack this
moment is usually vory small, moking any cquilibrium for
& and @ valuos othor than the wing momont impossible,
at lcast so long as the domping momonts of tho fusclage
and tho vertical control surfacces arc disrogardcd. Theso
damping mononts may beconc corparatively large, thus nmake
ing a nomoant equilibriun.possidble only for a small anglo
of attack, '

A glance at Figurc 26 discloscs the fact that curves
b, 4 and e, even when disregarding tho domping nmeomonts
of the fuselage and of the vertical tail surfaces, never
intersect in one single point if no control movement oc-
curs, The result iIg that as far as concerns the A 35, a
steady spin is impossible without control displacements,
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However, it is quite possible to force such an in-
tersection point as, for instance, by a slight negative
elevator displacement By = - 3% which yields point E.

Any steady curve flight is possible depending om the
chosen control movement - at least, for comparatively low
angles of attack, However, at very high angles «o, say,
near point ¥, the Db, 4 and e curves most probably
never meet in one point; but, since the curves are so
close together, and there prevails at least an almost
perfect balance of forces and moments, we shall designate
such, as "approaching steady" spin,

When the possible curve flight is very steep and the
respective angle of attack is above that for maximum
1ift, we ordinarily speak of "spinning" and we distin-
guish the "steep!" from the "flat" spin, according to
‘whether the.angle of attack is near that for maximum 1ifd
or very large. :

The tendency of an airplane to spin depends on the
mass distribution, the shape of the wing structure, the
position of the center of gravity, the area of the ex-
posed fuselage and the vertical tall group and its dis-
tance from the normal axis,

Hopf (reference 2) has already pointed out (see
reference 1, chapter IV) that the mass distridution pre-
dicts the magnitude of the gyroscopic moments (Jx - Jy)
wy wy and thereby the moment equilibrium about the laf—

eral axis.

Assuming the mass distribution so changed that fac-
tor (JE - Jy), and thereby the gyroscopic moments, in-
crease to double and to half the value, yields the ¢3
and c¢cp curves in Figure 26,

The b and ¢ curves bespeak a less pronounced de-
flection as (JE - Jy) decreases, If it were possible
to so desgign an airpTane that Jx = Jy, it would theo~
retically preclude the inception_of afy gyroscopic mo=
ment about the lateral axis; the b and c curves would
run parallel to the ordinate axis., For very small
Jx - Jy the b curves would not deflect to the right

until very high gliding angles were reached bdut would
then deflect that much sharper, and become ¢ = - 90°
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for higher .qo,. thus moving a considerable distance away
from the other d and e curves. -

The result would be that at smalilfJg'— Jy curvi-
linear flight would be imp0531b1e for angles of attack
above those attainsble. in level flignt but not as yet
belonging to a flat spln. .

' Thus it becomes apparent thab'spinning may be pre-
vented more or less completely, at least for an average
range of o, by judicious mass distribution.

We have seen that a rotation about the path, the
longitudinal, or the normal axie may engender positive
and negative wing moments. It is not easily conceived
how.the moments about the normal axis with respect. t¢
those about the longitudinal axis can be disregcrded, as
ig-done guite frequently. For a glance at Figure 25 re-—
veals them of almost the same magnitude as the positive g
moments about the longitudinal axis in Figure 22.

However, we confine our stuay to the moments about
the.longitudinal axis and merely add that the same is
eqgually applicable to the normal axiss

Figure 22 unfoldsg zero points on the Xp curves
plotted against ¢ and Q, for angles of attack beyond
those of maximum lift agnd for whose coordinates the mo-
ments about the longitudinal azis are in equilibrium,
Now compare the 4. curve of Figurc 26 for the casc.of
zero aileron moments:

. a, equilibrium of forces in straight glide
i n " and momentsgs
b1, about lateral axis
be, 1 " ]
bs , " 1 ]
cl . 1t 1t it
Ca n i "
4, ¥ longitudinal axis
€1, g normal axis

0

Yy
Mg =~0.0011.(62éﬁ1acqment upward)

By §40,0010 (o downward) : .
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Mq = 0 and double gyroscopic moment,
Uy = 0 and half gyroscopic moment,
M—I—I =.Ov

My = O.

The possibility of spinning, i.c., 0f a moro or less
completec balance of forces and moments in stalled steep
curve flight depends on the existence of onc intersection
point each from the three curves b, & and e by corre-
sponding control moment as parameter Because this is im-
possible when, for example, curve .4 is not present,
it is merely necessary to prevent the appearance of the
inner zero points on curve Xy with respect to «o and
P, even for any DOSSlble alleron moment to make spinning
absolutely 1mpoes1ble.

We have seen that the wing moments about the longi-
tudinal axis are dependent only on the shape of curve Cn
with.respect to angle of attack, and that for small ws
these moments are negative or p031t1ve according to

de
whether EEE > 0or < O " Only negative moments prevail

when the ¢, curve, valid for each wing section parallel
to the plane of symmetry, continues to rise with increas-
ing o. This depends on the shape of the wing, and thus
congtitutes & second means for limiting the chances of
spinning.

Bven if it should prove impossible to completely
avoid a Cnpax of the.wings alone, it should at least be

endeavored to have this occur at the highest possible o
and yet not %too high, in order to prevent as much as pos-
sible a drop in the ¢, curve when o assumes large
values. '

Another successful method for combating the possi-
bility of spinning lies in tho constructive development
of the alrplane with respect to the position of the con-
ter of gravity, which in the A 35 is 0,36t aft of the
leading edge, that is, relatively far backe. Thc rosult
is that in level flight, for instance, evon by zero ele-
vator displacement, the airplane does not attaln equilib-
rium before fairly large angles of attack have been
roached and the airplanc can be stalled considerably.
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Conseguently the b curves arc casily me de to intersect
enrves d and e in one.poind.

Snifting tho center of gravity extremely far forwoard
rendors this stall very difficult to reach. As last and
final antispinning method expounded in this study, we men-
tion the shape of the fuselage and of tihe vertical tail
group. With the sides of the rear fuselage, and the area
of fin and rudder a5 large as possible, relatively large
damping moments are invited, which, in particular, may
make o flet svin very improdable.

Autorotation -

I: view of the fact tnat in a spin the rate of rota-
tion wﬁl with rospect to wy iIs very low, the result-
ing sercdynasmic moments will always show satisfactory

agrecment with practical experiocnce whon the aeas“ramuntﬁ
are madie as follows.

The model is mounted on an axis A3 passing through
its center »f gravity and plsesced in its plane of symmeiry
so tha®t any angle of attack may be obtaired and the mow
ments about the body axes can be measured direct,

Then axis A3 is suspended in the wind tunnel so as
to be always in thé'direct;pn.of ‘the air flow anl eo that
the model is sctnally ahle to execute the desircd rota~
tion Wy Since wo dld net neke such acasurenents on tho
model of th A 35 we interproted nationatically tho XKy

and . Ly curves siown on Flgures 22, 25, 29 and 30, plot—

1 b
tod azainst o and @, end against o and E‘%’ roSpOoce
tively.

The zoro. points of these curves reveal thoss values

b
of o and =-* for which the aerodynamic moments about

the 1oay1ta11,ml and the nermal axis are in eguilibrium,
waeredby the abscissas are cuifted parallel to one another
for existing aileron aund ruuder moments - comstant over

b .. «
The EiE valves thus obtsined are shown Ior moment

v L}
birum noont the long 1t¢d1nal d?la on Figure 31,
d against angle of attack Qe
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It discloses, for the case of zero aileron moment, a
curve similar to those known from the ordinary autorota-
tion tests., Apparently several equilibrium positions are
feagible for one and the same o, which is only attribdu-
table to the shape of curve ¢, with respect to the an-
gle of attack o of the wings.

Ag regards the stability of the equilibrium p0ﬁ1-
tions of the. Ky curves plotted against o and bwx
in Figure 29, a discussion of equation e

[
€

X

(equilibrium of moments about longitudinal axisg) dis-
closes:

If several equilibrium positions prevail, one must
always be stable, thoe other unstable, according to
whether

d Ky

a (Dwx\

2 v/

> or < 0,

Applied to curve Z"F plotted against o in Figure
31 it postulates: v

For small angleé of attack up to a = 14% there is
but one single position of equilibrium where 295 = 0;
sutorotation would not set in, v

An angle o > 14° has for a certain a, aside from
the equilibrium position

2 v

still a second which, conformably to the general discus—

b
gions, is stable, while £ = 0 becomes unstable,

Here autorotation would sebt in,

Beginning at o = 32° there are, aside from wa .~0

two more equilibrium p031t10ns, of which since the top—
most is always stable and the positions alternatingly

stable or unstable, the lowest bwx = 1is stable again,
2V



22 N.A.0.A., Technical Memorandum ¥o, 630

At o = B5° & special position R (see fig, 29)
appears, in which one stable and one unstable posi
tion of equilibrium coincide,

A comparison with the ¢, curve plotted against «
in Figure 23, discloses:
by

The = 0 values relato to stable equilibrium

2y
positions so.long as %&E->-0,1 and to unstable positions
< . den
when 0
aﬁl—. < .

G and E on Figure 31, the points of tran51 ion from
stabilidy to instability and vice versa, correspond to
points G and E- on Figure 23; that id, to the extrems

values of Bhe cn, ocurves with respect to g, for which
de i
T = O

Hence the important conclusion:

. bw. : _

The ranges of - o for gﬂ% = 0, stable or unstahle,
or in other words, where autorotation about the longitu-
dinel axis would or would not occur, can forthwith be
recad from the ¢, curve referable to - a. BSo long as

%&E >0, the equilidrium position §3§ = 0 is unstabdle,
is0e, autorotation sets in. DBut, when %&n > 9, g@% = 0

is stableo; autorotation cannot sot in,

When wo introduce an alleron momexnt EQ' constant

for aay gd%, the abscissa in Figure 29 must be shifted
parallel upwvard or downwerd, according to whether K is
negative or rositive, In thic maonner we obtain the new
equilibrium positions shown on Figure 31 against o with
EQ as paramoter,

A positive ailoron moment, that is, one which in or-
dinary flight would turn the airnlane still more in a
turn, exteands the range of gmtoratatlon, while a negative
moment decreases i%,

Figure 32, taken from a British report (reference 8)
reveals similar curves for a binlane. EHere, Lowever, it
was not, as above, a question of eguilibrium of aerody-
namic moments about the longitudinal axis, but about the

path axis,
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Pigurcs 33 and 34 (reforonces 7 and 9), also taken
from a British report, apply to the wmoment egquilibrium
about path axis =x, =about which the rotation Wy oc-
currod,

Wing gap, stagger, decalage and alleoron displacemeﬁt
‘¢ffect in gonoral o change in mutual interference, honco
in sutorotation, ' '

Increased wing gap, positivo stogger, top wing ahead,
positive decalage and alleron displacement, which ordi-
narily would Fforce the airplane out of fthe curve, are
conducive to the diminution of magnitude and range of au-
torotation. :

Rffect of elevator displacement in steep and flaf
spins . ,

. It is generally conceded that any control displace-
ment in-a steep spin effects an immediate and powerful
disturbance of the prevailing flight attitude, Ddut that
all control displacemoents are obviously ineffective in a
flat spin. Pushing tho control stick forward is the best
mecns, 1f any, to recover from the spin, These facts
agroo vory woll with our calculationg.

For tho stoep spin curves b, 4 and ¢ in Flgure.26,
roveal distinctly oxprossed intersectlons which provall
for well-defined control displacomonts only; the curves
for the corrosponding control displacements are, more-
over, far apart.

In o flat spin the conditions are different, Disg-
tinet interscections on the throe curves b, d and e are
nost likely altogethoer precluded; the curvos for oll con-
trol displacoments are very closo together,

So in order to prosage the manner, and more poartic-
ularly, tho time intorval during which the momentarily
prosont flight attitudo is changed, wo made several cal~
culations on unstcady flight, We limited ourselves to
the effect of a positive olovator displacement (pushing);
once in & stcop, perfectly stoady spin, thon in a flat,
"approaching steady® spin - (E and F on Figuro 26) .
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We defined the two flighte as follows:

e s

number
o oo ® v w or |PE |Bq [Bs
turns
Stee
<pin [L7+0[=BEe4 | O |~67,5|61.8 |1496| 5.2 |-8 [0 |0
i%?; 64,0 |~84,2 | 0 [-87,0 (28,9 |3,32] 1,9 [ 0[O0 |O

We started with the differential equations defining
the equilibrium of all foreces and moments acting on the
alrplane; then we introduced an additional elevator mo-
nent Mp = + 0,0021, which corresponds to a By = + 10°
elevator displacement at small oq. This was used to dig=
turb the "porfect" as well as the "approesching perfect!
pogition of eguilibrium in the stecady and in the flat
spin, '

Wumerically integrated in 1/20 and 1/10 second in-
tervals, the differential equations revealed the data
graphed in Figures 35 to 37,

In a steep spin a push on the control stick effects
an instantaneous and powerful change in flight attitude,.
The angle of attack, in particular, promptly assumes a
normal range, and the rate of rotation W drops very
quickly. (Reference 10.) '

In a flat spin the effect of "pushing" is altogether
different, The gradual and seemingly periodic change in
engle of attack is striling., 4a equally periodic change
in all other variables is bound up with it, so that the
airplane, if at all able, would assume another and, above
all, normal attitude of flight only very slowly. The
fact that pilots who went into a flat spin unintentional-
ly were able to get out of it again by alternatingly
pushing and pulling in the tempo of the ensuing vibra-
tions, seems to bear out our contention.
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Conecluwusion

With the object of further clarifying the problem of
spinning, and to supplement and extend the data in Fychs
and Hopf's "Aerodynamik, ! Chapter IV (reference 1), the
equilibrium of the forces and moments acting on an air-
plane is discussed in the light of the mast recent test
data. OConvinced that in a spin the flight attitude Dby
only small angles of yaw is more or less completely
steady, the study is primarily devoted to an investiga-
tion of steady spin with no side slip. A4t small «,
wholly arbitrary and perfectly steady spins may be
forced, depending on the type of control displacemonts,
But at large o only veory steop and only "approaching
stecady" spins are possible, no matter what the control
displacements,

A stcep curve flight for which, in addition, the
anglo of attack exceoeds even that for maximum 1ift, is
gonerally called "spin" and we distinguish the "stcep
gpin" from the "£lat spin' according to whether the an-
gle of attack is near to that for maximum 1lift or very
large.

From the. de31gner's point of view, the spinning ten-
dency of an airplane can be materlaWIy 1owered by

1) Wing shape- a continuous rise of the ¢, curve
against o valid for each wing cross section
parallel to the symmetrical plane, Even if not
.altogether unavoidable, the cnp. . should not
occur until very high angles of attack have been-

~reached, and should only be 'so large that the
drop in the ¢, curve is as small as possible
for high values of .

2) Masgs distridbution: inoertia moment  Jx about the
longitudinal axis and inertis moment™ Jy aboutb
the normal axis should be as nezrly alike as
possible.

3) Position of tho conter of gravity of the air-
- plane: should oe oxurenely far forward,

4) Correct shape of rear ,end of fusela#e and of ver-
tical tail group: the sides of the fuselage, par-
ticularly at the rear end, as well as the area of
the vertical tail group should be as large as pos-
gible and be exposed to the air stream in all di-
rections,
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It is expressly. emphasizod that those exigencies
wore set up without regard to any other flight charac-
teristic, ond merely from the point of view of proveont-
ing as FTar as possible,. .the entry into a spin,

A study of the effect of control displacements in
the discussed spinning attitudes roveals that the stecp
spin, in contrast to the flat - and I think most exhibi-
tion flights bolong in this class -~ can be roverted 'to
normal flight in vory short time and is, for that reason,
not dangerous, '

Referonceos and Bibliographf'

Roference 1, Fuchs and Hopf: Acrodynamik’} published by
R. C. Schmidt & Qo., Berlin W 62, 1922,

Reforence 2. Hopf, L.: Flug uhd Tpudelirurven, Zeit-
schrift fur Flugtechnik und Hgotorluftschiffahrt,
Vol, 12, pe 273, Scpt, 30, 1921,

Roference 3. Reissner, H.: Dic 8citensteuerung der Flug~
maschinon, Zeitschrift fur Flugtechnik und MNotor-
luftschiffahrt, Vol. 1, ppe 101 and 117, May 10
and 28, 1910,

Roference 4, Gates, S. Be, and Bryant, L.,W.;'The Spin-
2ing of Aeroplanes, British A,R.C. R&M No. 1001,
1926 .

Reference 5., Glaunert, H.: The Investigation of the Spin
of an Aeroplane., 3ritish A,C.A, R& No, 618, 1919,

Reference 6, Irving, H. B., Batson, A. S., Frazer, R, A.,
and Gadd, A, G.: Experiments on a ilpdel of a 3Bristol
Fighter Aeronlane (1/10th. scale).,

Part I: Force end iioment Measurements at Various
Angzles of Yaw, 3By H. 3. Irving and A, S.
Batson,

Part II: Latoral Derivatives by the Forced Oscilla-
tion llethod, 3r¥ R. A. Frazer, A. S. Sat-
son, and A, G, Gadd,

3ritish A.R.Ce. R&UY No, 932, 1924,



N.AC.,A., Technical Memorandum Ho, 630

References and Bibliography (Contd,)

L d

Reference 7., Irving, H, B., Batson, A. S., Townend,
He Co He, and Hirkup, T. A.: Some Experiments on a
Model of a B.A.T, Bantam Aeroplane with Special
Reference to Spinning Accidents.
Part I: Longitudinal Control and Rolling Experi-
ments, By H. B. Irving and A, S, Batson.
Part II: Experiments on Forces and Moments (In-
cluding Rudder Control)., 3By H. C. He
. Townend and T, A, Kirkup.,
British A.,R.C., R&i do., 976, 1925.

Reference 8, Bradfield, F, Be.: Lateral Control of
Bristol Fighter at Low Speeds. HMeasurement of
Rolling and Yawing Moments of Model Wings Due to
Rolling, 3British A.R.C., R&M Ho, 787, 1221.

Reference 9, Irving, H. B., and Batson, A, S,: Prelimi-
nary Note on the Effect of Stagger and Decalage on
the Auto-Rotation of a R.A.Fe 15 Biplane,

British A.R.C. R&EM No. 733, 1920,

Korvin~Kroukowsky, B. V.: Tail Spins and Flat Spins,
Aviation, July 18, 1327,

Translation by J. Vanier,
National Advisory Committee
for Aeronautics,

27



f orce, x
8y =
l,\onzij“n‘m1 -

“Angle of attack, o

21 x

Path axis x

and space hor-
Rotation,w izontal § form
gliding angle o,
wherby space
horizontal 2z
and space hor-

Space
Horizontal, §

Space izontal { coin-
horizontal, { cide,
Fig.l

Direction of axes,
angles and forces.

Fig. 37
Models illustrating
the effect of an
elevator displace-
ment in steep and
flat spin. The ver-
tical bars,not re-
lating to the path,
denote the inciden=~
tal spinning axes.

029 °ON WMpPUBXOWSN TBOTUUOST *V°O°V'K

L2 % 1°831d




N.A.C.A, Technical Memorandum No.b630

i

\

g.22 m
/»L ty = 2,20 m
1

Figs.2,%,4

L L
' F = 29.76 u® E /

Fig.2

) . . -
L stille ¥ 1600 kg E
| 7o
TN
- — b = 15,94 m >

0

[————8.22 m - )
1 S r=0.8m g
lr:?%@fjj-\N/?l

i ——

\}{';\ " ho=~0Mem
i Q;D 3.%0 m

Fig U

Figs.2,3,4 Three view drawing of Junkers A35 model

alrplane,



*

N.A.C.A. Technical Memorandum No,630

1.2
1.0
.8}
& .6

c)'l"
ok Fig.S

O \ . A + L - 4
0° 59 109159 200 259 300 350 YO
o

1.3
Cq,
. 1.0 /\L__
a
.8
- JBf
CQ o)"l"

T = 200~
27 1&00 \ €

%05 5% 100 150 200 250 300 350 Lo
(0]

Fig.7 Cross wind force due to sideslip

prlotted against o and in
comparison to 1ift with no sideslip
(Rgge_rence 6)

FigS-596!79859310

08"
Mo T = Q%
Cy 20‘?\
A N\ 7
.2 '26 Figo6

0o 50 100 150 éo°25° 300 350 L4oo
o

Figs.5,6 Lift end drag plotted against « and . (Reference 6)

.Ll"
-3' . T
2

M/ qFt

ol

Cn

o

O . el :n/ . . . N )
@ ~5IAPP-150 200 250 300 350
o)

Fige8 Aerodynamic moment about
lateral axis against o
and . (Reference 7)

D Wing alone
. _ by o
N S 4 ~—Z 20,33 7209 gy =0
Kp 2v 23T 9.57"/ Obp 2v B’a P 0°
027 By = 0" -~ 2\

5 A o =ooX \Ba = 5% 4P
.02 o // 2, P 100 15° \\@5% 350h0°0
- 1. k

Bq = 52 1} L o= 024 & o
'Y v /! ) X — = L) = L] 3 0
-.06 Z(:ng alo..le ,/ BQ ::)OO o 0.3, T lO s BQ O
-.__'7.‘.:.:0.3; T::Oo; BQ':. 50 Fig.lO
v 0
Figs.9,10 Aerodynemic moment sbout longitudinal and normsl axis
plotted against o and r, as well ag against w
about path axis and aileron displacement Bgs (Reference & and ’5).
Q



N.A.C.A, Technical Memorandum XNo.630

l.2r
1.0
-1{
®.6}
!
o 2f

c

oL
0° 59 100 150 200250
J o

Figs.11,12 Lift and drag against o and
rotationwy, about path axis

(Reference 4). |
1 » 5 B

300 350 4oo

1

M/ gFt

Cm =

Figs.11l,12,13,14
.)'l'r bL .3
By L T
3F 2v .
02'
J1f
s

/AR .
OO°—€?’T66 15° 200 25° 300 350400
07}

Fig.13 Aerodynamic moment about

lateral axis against

o and against rotationw o
about path axis
(Reference 7).

1

0% 200 30° L

0° 50° 60° 70° &0° 90°
o
Fig.14 Lift, drag and aerodynamic moment

about leading edge of Junkers A35

with zero aileron and rudder moments against
a and elevator displacement Bye



N.A.C.A. Technical Memorandum No,630 Figs.15,16

=
(&

=50 09 5O 100 150 209 259 300%35° 4OO 450 KOO 559600 65° 70O 750800 850
&
Pig.1l5 Path velocity against o and® .,

- X “ - - b “
-59 00 50 100 150 200 250 300 350400 450 500 550 600650 700 750 soo 850
o
Fig.16 Rate of rotation against o and®.



N.A.C.A, Technical Memorandum No.630 Figs,17,18

[_, A mesiuiitl : i ! 1 ] A . (IR | L ’ 1 . L
50 0° 5O 109 159200 25° 300 350 LOOLKO 500550 600 650 700 THO 80O €50

o]
and ﬁzzncp(w= 0) = - ca,/cW against

Pig,l7 Angle of glide Cp(w

= congt,)
o and rate of rolbation,
’

250 300359 Loo 50 500550 600 650 700 750800 350
&

b wop® .
- =100 g \
\‘ :

K870 106150 200

Fig.18 Angle of bank against o and ©.



¥.4.C.A., Technical Memorandum No.630 Pig.19,20
~11

| - F // /\\\ =

P 100150 200 259 300 350 LOO L5OKOC 55O 60O EFOT7OC 7RO g0° g0
._1 a4}
Pig.19 Rate of rotation about the body axes against o and® .

A,&fOBeoo 250300 350 Moo u5o 500550 600 650 700 750 800850 900

-y r ./

-} Tig.20 Balance of moments sbout lateral axis at various elevator
moments, Gyroscopic and asrodynamic moment against e« and @,



N.A.C.A. Technical Mcmorandum No.63%0 Figs.2l,22,23

L]

(@]

]
T

-

4
-70°
Fig.22 Balance of moments about longitudinal axis, Aerodynsmic moment
of wing against o and @,

=-30°,a=27%, Kp=0

p
%

~ |/ -

ISP e e q+A\00\1

= | ~S=~hood 77 "\

:édz—g ' : 21 =

| ‘I} : P2 % i > BEOO(cos;Aoo) :_ \—\-{ 8

b7 ! 2400 6

| | ! | 2 [ 3] >

| c T 1B

: :t : : 160 !n aﬂ & (¢05A p e ] O

l | '7:1 __._.L---—-— 4___ I_ l

————— - W, 800~~~ ——l-- Fo 2 &

[ boonmT b TTThea [T 00 boo 600 g0
-8 -6 4 -2 2 4% 6 8 cy ¥

- __}41/5

Fig,2l Distribution of normal force
across the wing. Fig.23 Normal and tangential force
of wing alone against a.



N.A.C.A, Technical Momorandum No.630 Figs.24,25

.5 [ - o Lo o 1
_ AR A CER )
. "'l \l‘
3T / ‘\ “N
: ] \ N\
2r : o \
1} [ 8?I‘\ \ o= 785°)
a T —— B0, T e
e e e ——
50 100 150200 250 300\350 Hoolyso BOO 55O 609650 700 759 80O &5°
"'cl- ,’ / G:
,' / ™ NUIPLY A
--2- 'l' l /
! /
.-.3'- l[
- » I -850/
!
-.5‘ ,
Fig.24 Balence of moments sbout longitudinel axis. Wing and gyroscopic

moment against o and ©.

0 700 75%80° 85°
N ﬁ‘i ' o

=8g°

Balance of moments aboubt normal axils) wing moment againsgt

aeand O .



t

¥.,A,C.A Technical Memorandum No.630 Tig5.26,27,20

-90%
-0 -
o 7
~70T I/
-60% |
|
~501 | - N
ol 1o | b Fig.26 Equilibrium of
-40}. II' 3. _ all forces and
S moments on alrplane by zero
30 | aileron and rudder momonts}
of | ® against o
20"’ ! .
).
bR

_— . <
50 100 150 200 250 300 350400 450 500 550 60965 70° 75° §0° 85°

e T
,.’—-”"—/-:"E’T?‘-—i—///, - T -
L -
VoA S g P

" L I e TRy —

e ‘o /4 ’/><~O -

N L / // 4 a .~
I ,«'"'///:’ I Kt -

achi/ 1 ff -7

N QI"'” ; ‘ol -

\ /.";l : NSy i _ Fig.27 Balance of momonts
N0 ol Pyl -7 about longitudinal
A — 1] ] L (]

\ D |dp 4 P axls with corresponding aileron
N d5}, 1, P " H displacement. @ against o

v i

cp O
Q "'90 e ———— e
-z T —
-20°F - -7 - -7
/ //,‘ %) 4 / -~
/ b/ -
TN Y ays -

! 'I.I:'.é=+| 02 / ; _ -~ -

l “ \\._ .’I /_i'q. ,e ~ -
H O P

"'J'b
Lg=-.0l Iisé-\;-,o}/atta.int' -7 ~  Fig.28 Balonce of moments
/ able : about normal axis

s ® against «.

5 190 1|5o 2'00 2'50390 350 ),;.IOO )_55000500550 6|oo §5o -(00750 gpo 5:50

Prai) with corresponding rudder moments.




‘.

¥.A.C.A. Technical Memorandum No.630 Figs.29,30

b(.Ux

2v
—1")-’- ) “1.|2 "1.]1 "lljo —‘9

Fig.29 Wing moment about longitudinal axis ageinst o and wa.
av

. . . . bW
Pig.30 Wing moment about normal axis against o and X »
2v




N.A.C.A, Techanical Memorandum No,630 Figse31,32,33,34

8f Fig.31 Balance
T of
moments aboutb
br Tongitudinal
5F . axig for varlous
bw < alleron moments
7Y =
v bw——-—-x plotted
3r ov
ok / against d.
'1 Stﬂ:b.:.@ /I
St

50 100 150200550 30° 35000 B50500550 60°

Fig.32 Balance of
moments

ghout path axis of

a wing; W

X
2v
plotted against o
and BQ‘
0o (Reference 8)

.6'
| Ordinary biplane 8Lt

32 Fig.33 Balance of moments
B o4 about path axis of
—X - 7T11,03% a biplanej bw, plotted

a3 : 2v
/ . .

25 ’ against o and wing gap.

1 / (Reference T)

. l‘/

' t 1 : !

a0 106 200 300 4o

e
0ok Stagger Docala Fig.34 Balanco of
A A, =259 moments
150 - B, 0° -2° about path axis of
07 v = 9,15 ”'1/ 3 & @ 00 a biplane: rate of
100+ D, 0° +22 rotation about
7 \ B, +25° -1 path axis plotted
T. P'm'p)m. F, +25° -2° against o, stagger
" and docalago.
0 ' /\L (Reference 9)

00 100 200 300 oo



300
20°

1C0

Fig.35

909

709

1 60°L

@ 509
409
300
200

109

30
alop ¥
m,/ s
10

Fig,36

Figs.35,36 Chenge in flight attitude due %o an clevator moment My =+0.0021
(displacement downward) in a not dangerous stecp and a dangerous flat

spin for zero aileron, and rudder moment, The 5 variables are

referable to time.
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